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1 
This invention relates fo the separation of 
vaporizable matertals. In one of ifs more spe- 
ciflc aspects tf relates to the separation of vapor- 
izable materials by fractional distillation. In 
still another of Its more speciflc aspects it relates 
to the separati0n of multi-component mixtures 
of low-boiling normally gaseous materials by a 
low-temperature fractional distillation process 
using one of the products of the separation as 
the refrigerant. 
In the separatton of vaporizable materials by 
fracttonal distillation in a fractionator it is nec- 
essary to remove heat from the overhead vapors 
and to add heat fo the kettle in ortier to provide 
liquid reflux in the enriching section and vapors 
in the stripptng section of the fractionator. The 
most common method of removing heat from the 
overhead vapor so as to at least partially con- 
dense the vapor and provide liquid reflux is to 
transfer heat from the vapor to a cooling medium 
by indirect heat-exchange. Water is the most 
common heat-exchange material used to take up 
heat so as to condense or parçially condense the 
overhead vapors. Stripping vapors in the strip- 
ping section of the fractionator are most com- 
monly provided by equipping the fractionator 
with a rebofler or reboiling coil and using steam 
or other outside sources of heat to reboil the frac- 
tionator. 
Up unçil recently heat energy from stsam was 
a great deal cheaper than energy supplied elec- 
trically,  But ai present the increased cost of fuel, 
such as coal or fuel gas, has made the cost of 
heat energy from steam more nearly approxi- 
mate the cost of electrical energy, since fuel 
costs bave a greater effect on the cost of steam 
than in the case of electrical energy. I have in- 
vented a process for separating a multi-compo- 
nent mixçure of vaporizable material which takes 
advantage of this economic factor, that is, I have 
invented a fractional distillation process which 
utiltzes the heat removed from the overhead 
vapors to reboil or add heat fo the kettle of the 
fractionator. I remove the heat from the over- 
head vapors and transfer it to the kettle of the 
fractionator by mechanical means, that is, a heat- 
pump system operated mechanically and supplied 
energy electrically. Indifl]cult separations where 
the boiltng points of the components to be sep- 
arated are relatively close together, I flnd that 
the process of my invention usually has the ad- 
vantage economically over the ordinary process 
where heat energy is supplied by steam, when 
the cost of energy supplied electrically is no more 
than about four rimes the cost of the equivalent 
amount of heat energy supplied by steam. 
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2 
Another important feature of the improved 
fracttonation process of my invention is that less 
equtpment is required than in carrying out frac- 
tionation by the usual methods. The process of 
5 my invention eliminates the reboiler or overhead 
- condenser according to the manner of operation 
selected, since I use one of the products of the 
separation as a heat transfer medium to carry 
heat from the overhead vapors to the kettle por- 
10. tion of my fractionation zone. In so operating a 
portion of one of the products of the separation 
is removed directly from and reintroduced direct- 
ly into the fractionator. When a portion of the 
kettle product is being used as the heat transfer 
15.._ medium if is reintroduced into the kettle portion 
of the fractionator and when a portion of the 
overhead vapors is used as the heat transfer me- 
dium it is reintroduced into the overhead vapors. 
Thus, in either case the overhead condenser or 
2_0 the reboiler coil is eliminated. 
The process of my invention is particularly 
adaptable to separations such as the separation 
and recovery of ethylene from a mixture of ethyl- 
ene and ethane by fractional distillation: In sep- 
25 aration such as this-fractionation temperatures 
: must necessarily be below ordinary atmospheric 
temperatures since the critical temperature of 
one of the components is below ordinary atmos- 
pheric temperatures. Whether the predomi- 
30 nantly ethane kettle product or the predominant- 
 ly ethylene overhead vapor is used as the heat 
transfer medium, I prefer to speak of it as the 
refrigerant, and in the process of my invention as 
the internal-refrigerant. Where relatively pure 
35 products are being produced in a .refrigerated 
separation process and where these products are 
of such nature that they can be used as refriger- 
ants, I flnd that refrigeration work can be re- 
duced by using one (or more) of the products as 
4Ç an internal-refrigerant. When I use the term 
"internal-refrigeralt" I mean a refrigerant which 
is introduced directly into a process streamat 
some suitable point and thus becomes part of the 
process stream. An external-refrigerant moves 
5 around the refrigeration cycle and does hot di- 
rectly enter a process stream, r 
An object of this invention is to provide an in- 
proved fractionation method for separting a 
multi-component mixture of vaporizable mate- 
50 rials. 
Another object of this inventibn isto provide 
an improved fractional distillàtion method for 
separating a multi-component mixture of low- 
boiling normally gaseous materials into a low- 
55 boiling fraction and a high-boiling fraction. 
Still another object of this invention is to lJr0  
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vide a method of transferring heat from the 
overhead vapors fo the bottom portion oï a frac- 
tionator fo reboil the fractionator. 
Still another ob]ect of this invention is to pro- 
vide an internal-refrigerant low-temperature 
fractional distillation method for separating and 
recoverin ethylëneL from a mixture of ethylene 
and ethane» 
Other objects and advantages of my invention 
will become apparent, te one skilled in the art, 
from' this disclosure. 
The fractional distillation process oI tuf in 
vention may be applied toï the:sepaatin of 
vaporizable materials but.ispreférab]  appliedte 
dflIlcult separations wherein the temperature 15 
differential between the top and.the..botermo£.the 
fractionator is not very great. The process is 
preferably applied to the separation of 'a-multi- 
component mixture of low-boiling normally gase- 
ous mterial: into.a  lCboiIing- fraction and a 9 
tïihoiIiiTgffactin such as. tláe separatión- of. 
ettïylènan'ethane usin elther_ as the, internaI 
refigerant;- butadfene - aud buten-2 using - ïu- 
tene2ças tlie«internalîrefïdgerant; propane  and 
propyIën, usingeither - as ,the-internalrefrier-- 25 
ant; or tlfeseparaten, ofnitrogen from .methane, 
usig ilïer as-,the  internlrefigerant; The 
proc-essofïmy-inventiOnis-noqi, mited toléw-tem- 
!rfa.re  ffotibnation', whereifr refrigrafiOn is 
neessr: I.may,be.applfedte heseparation of O 
vPoria.b]è.-ma-terials such 'asCte-C .hydrocar- 
ons.:or ven'-higler.boiling materials, especia]Iy 
diflïUlgeparations whre lïeémperaturediffer- 
entilovertlïe fractionator-is reltively sma]t: Of 
courses, reiigeraion:fr the sepaïation of.these, 35 
mteriát i-not,necessry;, and when,using  the 
proes o tuf  inventi6n" f6r  hg- separation', of 
tlïe-materlàlsI irefël to'refèr-o myprocessïasa 
heat-pump system, hatiS heç is pumpd from 
.tieeverhead vaporst"the tettleofhe-fraction- 4 
trr Ifi'-carryin ou.t:my-process,  if içnot 
ble.tesproduoE matCa's-ifternaÂrefriger- 
ant  hicIï pol.mrizes  Ul0On. the  apptiCatibn of 
pr esSue or_hich, currods equipmenç or.whieH iS 
hlg, hl« explsVe,in natire: since the maerîal- or 45 
prodïeusds ttïedtternal-reffigernt ' or :lieat 
transfêrmedim icompressedïr suitablê equip-- 
mntL prefër O,us the process .-ofmy invention 
in:sparaçin,binar:mixtUres in which caseeither 
th'«everheadOr-.tï Nottms-may»be used-athe 50 
h«-ransfer mdium preferabl tle purest 
sream'- l"fndthatusiflg.he"purestsream ives 
tlïe;hîHest),ttïermodynami efficiency. ïn using 
the:poess f"rny invention t-selarate-a..miXture 
containingmore-thanLwo components, Ilïnd/that 55 
iNïi.prefèral: ,to- use '. tlie  prodúct', steam-whicll 
i'predominntl one componentas.the intmnal 
refferant: 
Tïvo-dawings accompauy.and rea-part of this 0 
disclsure.  Figurel iS.diagramma, ticflowsheet 
showingan-integrated;,process;wherein Cand C3 
tïydroCarbor.s are- tlemaily crackeà  separaely. 
Theïethana-an-d th etliylene in the efuent from 
the two cracling op_erations are separatedïrom 65 
tte_ other. !roduct- in he efllent and- are uRi- 
matel, isolîteoE usine., a continuous, activated 
charcoat, adsorber. The ehane, and ethylene 
Stream is thon fed te a low-temperature frac- 
tinator, .aud the;ethylen is separa-ted and:,recov- 70 
ar.edustn the poessof myinvention. ' Irr the 
ethytene-etlue seprtion  ste! ethane is- used 
S-,.the interna.lrefrigerant., Figure 2" is a-, dia-- 
grammati« flow sheet sIoving one  manner in 
whichar ethaue-and ethlen»fèedtream iS:-sep - 75 

araed by the process of my invention when 
ethylene is used as the internal-refrierant. 
With reference fo Figure 1, I will now discuss 
the application of the process of my invention 
to the separation and recovery of ethylene from 
a stream containing ethylene and ethane, a pre- 
ferred secificembodiment-of my inven.tion. The 
quantities;_ temperatures, pressures« puzities, re- 
flux ratios, etc. referred te in the following dis- 
lO'cussion are hot te unduly limit the scope of my 
invention.. The..peparation of the ethylene- 
ehane-strern sparated oy the noval fractional 
istiliaio :p_rocessof»my invention is set forth in 
detaJlanflçdiscusseoE at greater Iength in the ap- 
plication ofWalrA. Goldtrap, Serial No. 82,932, 
flleoE.March_ 23. 199. A C stream compred 
predomantly of'ethane is fed through line 
into.C-cracker  and a C stream comprend pre- 
dominantly of propane is fed tlough line ] in 
C cracker: eC,a..C crackers:.are refer 
rably pebblehatezppat;her mal orac 
the-C'sa.Css.. eeuent from ;C-,cracker:  
is withdzawn: througk_ line-  /a.; is: combined  
wRh .the euent of C-cracker. 9 :-which: is«with:- 
drawn thzough line--.  The comined euen 
are. passe d thr ough le-- -ino a-.Rreliminarx.se-- 
aration zone  Tars, butanes-andCR..gasele 
and propylene- are separated from . the euenç 
and are withdrawn from the prelimnFsepara  
tion zone throughlines. 9, 2 and.-2«respctively.. 
A. stream comprised-predomin.atlE 
and C's  sepa:rted: fromth cracker euents. 
vthdïawn from tprel-iminar.y seion zone, 
  thmh-le. .and çassed o  coninuousac. 
 tivated cha-rco: adsezr 2« A- hobtoms:.stream» 
compred: pretly« of.. OEs is withan- 
from adserber ..dRasseoE.bac,to. peliy 
separtio_ zone  tough ]in. 
pa-..is:.tfltima-te]y, ssparaoE:from tsteamin 
sepration.zo :and.:reycled-:throughAe -- 
to .le  anoE.thene.-into-C- ccker. 
Cz. and lhter iEthe.-fete, continuouscivatsd 
crcoal/adsorber : -is-taken-overhead from. the. 
adsob er.- through le. $.$  is ;stram.is«lsua: 
used.- or. seld as fuet A sie-stre-.contai. 
ethylene d ehanis whdrawn.fm" adsorber 
 and .passedthro.h-line 
prepare the C stream for fll separation. The 
C-stream:passed-throughde.- is-split:te .two 
rtioi; one:pmion :bng:assed thronghne . 
and indzectïheat-excnger 9. e other.por-- 
tion. --passed-through le 4. nd inzect ,heat 
exchanger-. $. The. portion, of the feed Rassed 
tough .hea-t-exchanger: $9 is coo]ed by. indirecf. 
heat-exchange «ath a Roion:of the kettlerod- 
uct from ethylenethane-fractionater 
heinafter be set forh eportionof 
feed stream Rassed throuh:heat-exehanger 
coo!ed b indrec-.heatexchang¢:with.theaver- 
head ethlene Drouct  stream, from' fracGonater 
 as wfll hereinafter be-set-forth. Th...two-por 
tions oïthe: C feed stream are combned and 
passedby line.4through heat-exchangers9and 
 wherein the-feed strm 
inrect, heatexchange. with the: kettle: product 
from fmiontor: . I rsfel  is: n' of 
coolin the-  feedsamçprior :.its'.iroduc+ 
tion', into frator:45;, hover; Ido. not; want 
fo:. be/ dz" ld: by the. ea-exchge 
schme sst Toksinceoh heatexchan2mmh- 
odso precool the feed Wih thoverhed  nd bot, 
ts of th9 fratonator woud'.work. A. rtion 
of the liquid:kettle product: .withdrawn' through 
ls: 3 :and. and pass through an expion 
zone wherein-it isedéd:and coo]ed e 
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expanded and cooled stream is then passed 
through heat-exchanger 59 which ts the over- 
head condenser for fractionator 45. Overhead 
vapors from fractionator 45 are passed into over- 
head condenser 59 through line 61 where they are 
partial]y condensed by indirect heat-exchange 
with %he coo]ed effluent vapors and ]icluid ïrom 
expansion zone 57. Condensed overhead vapors 
are withdrawn from overhead condenser 59 and 
passed back fo fractionator 45 through line-63 
and are Used as ]icluid reflux. A portion of the 
]icluid kettle product from fractionator 45 is with- 
drawn through lines 53, 65 and 67 and passed 
through expansion zone 69 wherein the liquld 
stream is expanded and cooled. The expanded 
vapor and ]iquld from expansion zone 69 is passed 
to indirect heat-exchanger SI where they cool 
the feed to fractionator 45. The expanded 
streams leaving exchanger SI and overhead con- 
denser 59 are combined and Passed through line 20 
71 into heat-exchanger 73 wherein they are heat- 
ed by indirect heat-exchange as hereinafter set 
forth. The vapors which may contain a small 
amount of impurities or liquid are then passed fo 
separator or receiver 75 before cornpressor 79. 25 
Vapors are wlthdrawn from separator or re- 
ceiver 75 through line 77 and are cornpressed in 
compressor 79 and the compressed vapors are 
cooled in cooler 8J. The cornpressed vapors are 
preferably cooled in cooler 8J by indirect heat-. 
exchange with cooling water, but of course, any 
cooling medium may be used. The cooled, com- 
pressed vapors are then passed to separator or 
receiver 93 wherein impurities, liquid and/or 
polymers are separated. The cornpressed and 
cooled vapor in receiver 83 is withdrawn through 
line 85 and further cooled, preferably fo a point 
where condensaion is imminent, that is, to a 
point ai or near ifs dew point, in heat-exchanger 
73. The compressed and cooled vapor which is at 4o 
or near ifs dew point, having a higher heat con- 
tent than the corresponding amount of liquid 
kettle product used in the refrigeration cycle, is 
then passed directly into the kettle portion of 
fractionator 45 wherein the cornpressed andré45 
cooled vapors preferably directly contact the ket- 
tle product. The vapor condenses in the kettle 
and stripping section giving up the heat necessary 
fo rebofl fractionator 4. The vapor passes into 
the kettle product furnishing stripping section 
vapor in fractionátor 45, some heat exchange 
taking place with the stripping section liquid 
which passes fo the kett!e portion of fractionator 
45. A portion of liquid kettle product from frac- 
tionator 4 is passed into expansion zone 87 
through lines 55, 65 and 89 wherein it is expanded 
and cooled. The effluent from expansion zone 87 
is then pased through heat-exchangers 49 and 
$9 fo cool the feed fo fractionator 45 as herein- 
belote set forth. The heated stream leaving in- 
direct exchanger $9 is then the ethane rnake 
product produced by fractionator 45. If may be 
withdrawn from the system through line 9| or 
passed through lines 95 and $ back into C cracker 
5 for further conversion. Predominantly ethyl-  
ene overhead vapors are withdrawn from over- 
head condenser 59 and are passed by line 6@ 
through indirect heat-exchanger 4 wherein they 
cool the portion of the feed stream passed 
through exchanger 45 by line 4. The heated 
ethylene vapor stream leaving exchanger 45 is 
then the overhead make product produced by 
fractionator 45. A start-up system is shown on 
diagrammatic flow sheet Figure 1 which com- 
prises start-up compressor 95 and cooler 97. The 7 

6 
C feed stream in line $ is passed, by line S to 
compressor 95 wherein it ts compressed, to cooler 
97 wherein the compressed feed stream is cooled 
and at least partially liquefied, and thence in 
fractionator 45. A refrlgeration system (hot 
shown) is provided to cool and af least partially 
liquefy the start-up feed stream in cooler or cool- 
ing zone 97. 
In .the system shown in diagrammatic flow 
sheet Figure 1 :the ethane ke%tle product is used as 
the infernal-refrigerant. Diagrammatic flow 
sheet Figure 2 shows another method o operalon 
wherein the ethylene overhead product is used as 
the internal-refrigerant. Many of the reference 
Characters on the two figures are the saine slnde 
they represent the saine equipment pefforming 
essentially the saine operations. Referring now 
to Figure 2, the C feed stream from a cntinuous 
activated charcoal adsorber or other source is fed 
through line $5 to the feed stream heat removál 
zone. The feed stream is split into two portions. 
One portion is passed through heat-exchanger 
5 by line $7. The other portion is passed 
through heat-exchanger  } by line 4 . The por- 
tion of the feed stream passed through indirect 
heat-exchanger {} gives up heat to the ethylene 
overhead product from fractionator 45. The por- 
tion of the feed stream passed through indirect 
heat-exchanger  } is cooled by the ethane kettle 
product from fractionator 45. The effluent feed 
streams ïrom exchangers H}I and } are recom- 
bined and passed by line 47 through heat-ex- 
changers }5 and }7. The feed stream passed 
through indirect heat-exchange }5 is cooled by 
the ethane kettle product from fractionator 45. 
The feed stream upon passing through indirect 
heat-exchanger |7 ls cooled by a portion of the. 
ethylene overhead product from fractionator 45 
as will hereinafter be set forth. %ïe cooled C 
feed stream leaving heat-exchanger |{}7 is passed 
into fractionator 45. The overhead vapors from 
ethylene fractionator 5 are withdrawn through 
line 8. A portion of the overhead vapors are 
passed %hrough line 7 into indirect heat-ex- 
changer 7 and then into separator or receiver 75. 
Vapors are withdrawn from receiver 75 through 
line 77 and are cornpressed and cooled in com- 
pressor 79 and cooler 8  which is preferably cooled 
by cooling water. The cornpressed and cooled 
vapor is passed into separator or receiver 85 where 
liquid impuritles may be separated from the va- 
pot. Vapor is withdrawn from receiver 85 and 
passed by line 8 fo indirect heat-exchanger 75 
where if is cooled fo a point where condensation 
is imminent. The compressed and cooled vapor 
now ai or near its dew point is passed into rebofler 
coil ! , the vapor temperature being a. few de- 
grees higher than the kettle temperature, pre- 
ferably 5-10 ° F. higher. The vapor condenses in 
reboiler coil | | 8 giving .up heat which rebolls frac- 
tiona.tor 45. The condensed liquid is withdrawn 
from reboiler coil  | by line  |. A portion of 
the condensed liquid stream is passed by line   
to expansion zone  6 wherein the liquid is ex- 
panded and cooled. The cooled vapor and liquid 
from expansion zone  6 is passed through in- 
direct heat-exchanger 7 wherein they cool the 
feed fo fractionator 45. Another portion of the 
liquid stream condensed in reboiler coil !  is 
passed by line || 8 to expansion zone 57 wherein 
the liquid is expanded and cooled. The vapor and 
liquid from expansion zone 57 is passed directly 
into he fop of fractionaor 45 wbere the liquid 
portion furnishes reflux for fractionator 45. A 
portion of the overhead, predominantly eth.ylene, 
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vapo ar withdrawr by l"m I..  
had. hVene vapes witha by Hne 
'fle eçhylene vapïs withwn  direct 
heab-exchar f are combed and paed by 
.line f2 through indiz'ect heatexcnger l.Ol 
Whm-ein they cool the ortion OE the C2 feed 
strea.m .psed by lfl]e  hrough infect heat- 
exchauger  B . The ethylene soEream Ieaving. ex- 
.cger I. is then the overhead mke product 
.from fr«ctioua:or . he liquid predominany 
ethue ettle pïoduct is wihdram f'orn- frac- 
 tionor  a:ud passed by line I. to expansion 
o 1.6 wheein ifi  panded and cooleoE The 
efihe emt from expansion zone I  is pased 
 òugh indirect heat-xchmgers IB and 
uheei .he C2 feed stream  fractiontor 4 
çled. e  vaporous ethane Ieavig exchanger 
.. is th the kele make product from frac- 
 tonator . The ehaue kettle make product 
sç«eam, may be used as desired such as ïeed or re- 
cycle te a C cracker like that s.hown in Figure 1. 
Figure 2 show a star-upsystem the saine as that 
system shown in Fig-ure 1. The C feed stream 
paed by l.e 99 .through start-up complssor 
and oler  wherein the C2 feed stream is com- 
.pessed .and aU lst partiall liquefied prier te 
intruction iuto fractieuter 4. Cooler 9 is 
coo]ed by a refrigeratio system (hOt shown). 
In. cariug out the process of my iuvetio 
ùSig .either ethaue kettle product or the ethyleue 
Vërhead product as the iuteal-refrigerant, 
prêïêr that the ethae-ethyleue stream fed to 
fraCtionator 4. contain at least 20 per cent ethyl- 
ee, I prefer to operate fractionar 5 mder a 
prSsur of from 50 to 250 pouds per square 
inch absolute ad under a liquid reflux to over- 
head product ratio of from 5:1 to 11:1. I find 
hat it is advisble in operating the iractiol 
dïstillati process of my iventio to have no 
m«è thau 12 :o] per cent ethaue in the over- 
toE .vapors when the overhead vapors are beg 
usëd as the intml-refrerant ad with o more 
thau 12 per cen ethylene in the kettie product 
whe the kettle prduct is being used as the in- 
terual-refrigerant. I final that it is still better 
have no more thau 8 mol per cent ethane in the 
overhead vapors when the overhead vapors are 
biug used as the interal-refrierat and no 
ore thau 8 per cent ethyleue i the kettle prod- 
uit wheu the kettle product is being used as the 
interual-refrigeran. The fractioual distil!atiou 
proeess of my invention is preferably operated 
with a minimum T on the low temperature heat- 
exhaugers of from 5 to 10  F. 
Fol]òwiug is a example of my ivetion. The 
qNantiti, temperatures, pressures, purities, 
reflux ratios and etc. are not to be deemed te un- 
duly 1irait the scope of tuf invention. eference 
is mae ço diagïanaic fiow sheet Figure 1 and 
thë separation of the ethm]e-ethytene strea.m 
ruade by the method as set out i flow sheet Fig- 
ure 1. An ethane-ethyleue tream havig the 
 ollowing composiçion and ata temperature of 
10  O. and under a pressure oî 142 pounds per 
sqàre inch gaule is passed to tl]e feed cooling 
zone via line  ata rate of 3681 mols/S. D. 
Fee 
.¢çhme ................................ 
çhylene ............................... .302ï 
ça-ne ................................. -639 
Progylene .............................. 
-Proe ................................ 
 oI ............................. 681 

BF indirecf heat-exchange ith he expnded 
.kettle: product, fzom fractionator ,5 and the.over- 
head.rnke product, from: fractionator 45.,..tha feefl 
stream is cooled to --4ï ° F and: is. intrnduced.into 
fractionator 45. Fractionator 45 operates under 
a pressure of 125 pounds per square inch. gauge 
with a top temperature of --58 ° F. and a. bottom 
temperatm:e of --31 ° F. Fractionator 5 bas a 
two-foot I. D, and is 85 f.eet high. The frac- 
tionator is packed with 69 feed of Rs.chïg rings 
(21ï cubic feet). 226 mo per hour of liquid 
keftle product is expanded and pass.eoE thzough 
oerhead condenser 5@ to paially condene.-the 
overhead v.apozs. 74 mols per hoz of katkle 
prndnct.is expanded andpasseA tbxough indizect 
heat-exchaner 5 t to cool ths feedrnaking a.total 
of 300 mols per hour oï ket!e produ usd-.in 
the inçernal-refrigeratiorz cycle. he combined, 
expanded, ethane kettle product, ]:efrigeration 
stream is compressed and cooled in t, hel;efrigera- 
tion system to a temperature of --31 ° F. aud a 
pressure of 125 pounds per square inch gauge. 
The cornpressed and cooled vapor stream is then 
passed: back into the kettle portion of fEactiona- 
tor 45 where the stream directly contacts, the:ket- 
t!e product and fumshes stripping section vapors 
in fractionator 5. Overhead ethylene make 
product gas is withdrawn from owrhead con- 
denser @ at a rate of 3318mois/S. D. and passes 
through heat-exchanger  wherein if is heated 
fo 92 ° F. in cooling the feed. This ethyIene 
make stream has the fel!owing composition: 
Ehylenc maTce, produc sream 
Mols/. D. 
Methane ............................... 5 
Ethylene ............................... 30]9 
Ethane ................................. 294 

Total ............................ 3318 
The ethane make product stream i withdrawn 
from the kettle of fractionator  at a rate of 363 
mois/S. D. and passes through heat-exchangers 
49 and 9 to cool the feed to fractionator . 
4 The ethane make product stream leaves heat- 
exchanger 39 at a temperature of 9« F. and.has 
the following composition: 
Ethane malçe p;'odct sî«eam 
Mols/S. D. 
0 Ethylene ............................... 8 
Ethane ................................ 345 
ProDylee .............................. 5 
Propane ................................ 5 
 Total ............................. 303 
As wfll be evident to those skilled in the art, 
various modiflcation of tlfis invention can be 
mde, er followed, in the light of the foreoin 
60 disclosure and discussion, without deparing from 
the spirit or scope of the disclosurc or from the 
scope of the claims. 
I claire: 
1..An internal-refrigerant low-.temperature 
 fractional distfllation process for .separating a 
.multi-component.mixture of vaporizable materia! 
into a Iowboiling fraction .and a high-boiling 
faction which comprises, passing said mixture in- 
to a .fractionation zone, withdra«ing from heat- 
exchange relationship with the kettle-product of 
 said f, ractionation zone a liquid stream, passing 
at least a portion of said stream through an .ex-- 
pansion zone and therein vaporizing at least a 
portion of and cooling saine, subsequently pass- 
ing sid expanded material in direct heat-ex- 
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change relationship with overhead vapors of said 
fractionation zone to condense at least a portion 
of said overhead vapors, utilizing resulting con- 
densed liquid as refluxing liquid in said fraction- 
ation zone, withdrawing vapors overhead as said 
low-boiling fraction of said flrst mixture, coin- 
pressing and partially cooling at least a portion 
of said expanded material, subsequently pass- 
ing said compressed material into indirect heat- 
exchange relationship with the kettle product of 
said fractionation zone fo transfer heat from said 
material to said kettle product, and withdraw- 
ing said kettle product as said high-boiling frac- 
tion of said first mixture, said material used in 
heat-exchange relationship consisting of a prod- 
uct of said fractionation zone. 
2. An internal-reïrigerant low-temperature 
fractional distillation process for separating a 
multi-component mixture of low-boiling normally 
gaseous materials into a low-boiling fraction and 
a high-boiling fraction which comprises, passing 
said mixture into a fractionation zone, with- 
drawing from heat-exchange relationship with 
the kettle product of said fractionation zone a 
liquid stream, passing at least a portion of said 
stream through an expansion zone and therein 
vaporizing at least a portion of and cooling saine, 
subsequently passing said expanded material in 
direct heat-exchange relationship with overhead 
vapors of said fractionation zone to condense at 
least a portion of said overhead vapors, utilizing 
resulting condensed liquid as refluxing liquid in 
said fractionation zone, withdrawing vapors over- 
head as said low-boiling fraction of said first 
mixture, compressing and partially cooling at 
least a portion of said expanded material, subse- 
quently nsing the heat content of said compressed 
material to reboil said fractionation zone, and 
withdrawing said kettle product as said high- 
boiling fraction of said first mixture, said ma- 
terial used to condense overhead vapors and tè 
reboil said fractionation zone consisting of a prod- 
ct of said fractionation zone. 
3. An internal-refrigerant low-temperature 
ïractional distfllation process ïor separating a 
multi-component mixture of vaporizable material 
into a low-boiling ïraction and a high-boiling 
fraction which comprises, passing said mixture 
into a fractionation zone, withdrawing from 
heat-exchange relationship with the kettle prod- 
uct of said ïractionation zone a liquid stream, 
passing at least a portion of said stream through 
an expansion zone and therein vaporizing at least 
a portion of and cooling saine, subsequently pass- 
ing said expanded material in direct heat-ex- 
change relationship with overhead vapors of said 
fractionation zone to condense at least R portion 
of said overhead vapors, utilizing resulting con- 
densed liquid as refluxing liquid in said fraction- 
ation zone, withdrawing vapors overhead as said 
low-boiling fraction of said first mixture, coin- 
pressing and partially cooling at least a portion 
of said expanded material, subsequently passing 
said compressed material into heat-exchange re- 
lationship with the kettle product of said frac- 
tionaion zone fo transfer heat from said ma- 
terial to said kettle product, and withdrawing said 
kettle product as said high boiling fraction of said 
rst mixture, said material used in heat-exchange 
relationship consisting of a product of said frac- 
tionation zone. 
4. An internal-refrigerant low-temperature 
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10 
fractional distiliation process for separating a 
multi-component mixture of vaporizable 
terial into a low-boiling fraction and a high-boil- 
ing fraction which comprises, passing said 
5 mixture into a fractionation zone, withdrawing 
ïrom heat-exchange relationship with the kettle 
product of said fractionation zone a liquid stream, 
passing ai least a portion of said Stream through 
an expansion zone and therein vaporizing at least 
10 a portion of and cooling saine, subsequently pass- 
ing said expanded material in direct heat-ex- 
change relationship with overhead vapors of said 
fractionation zone to condense at least a portion 
of said overhead vapors, utilizing resulting con- 
15 densed liquid as refluxing liquid in said frac- 
tionation zone, withdrawing vapors overhead as 
said low-boiling fraction of said flrst mixture, 
compressing and partially cooling at least a por- 
tion of said expanded material, subsequently pass- 
20 ing said compressed material into heat-exchange 
relationship with the kettle product of said frac- 
tionation zone to transfer heat from said ma- 
terial to said kettle product, withdrawing said 
kettle product as said high-bofling fraction of said 
25 first mixture, said material used in heat-ex- 
change relationship consisting of a product of 
said fractionation zone, and passing said high 
and low-boiling fractions in indirect heat-ex- 
change with said original vaporiZable material. 
30 5. An internal-refrigerant low-temperature 
fractional distillation process for separating a 
multi-component mixture of vaporizable ma- 
terial into a low-boiling fraction and a high- 
boiling fraction which comprises, passing said 
35 mixture into a fractionation zone, withdrawing 
from heat-exchange relationship with the kettle 
product of said fraction zone a liquid stream, 
passing at least a portion of said stream through 
an expansion zone and therein vaporizing at least 
40 a portion of and cooling saine, subsequently pass- 
ing said expanded material in direct heat-ex- 
change relationship with overhead vapors of said 
fractionation zone to condense at least a portion 
of said overhead vapors, utilizing resulting con- 
45 densed liquid as refluxing liquid in said fraction- 
ation zone, withdrawing vapors overhead as said 
low-boflLug fraction of said flrst mixture, coin- 
pressing and partially cooling at least a portion 
of said expanded material, removing impurities, 
50 liquids, and polymers from said portion of the ex- 
panded material, subsequently passing said com- 
pressed material into heat-exchange relationship 
with the kettle product of said fractionation zone 
to transfer heat from said material to said kettle 
55 product, and withdrawing said kettle product as 
said high-boiling fraction of said first mixture, 
said material used in heat-exchange relationship 
consisting of a product of said fractionation zone. 
KARL E. HACHMUTH. 
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